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Statement of the problem: 
HOMs and wakefields

• There is no SRF ERL cavity available for β=1, 
high average current (≥100 mA).

• The beam wakefields generate a huge 
amount of power over a wide spectral range. 
This power must be removed from the LHe 
system and disposed safely.

• For ERL application, HOMs also lead to 
beam-breakup.  
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Given 6x1010 electrons per bunch, σ=1.4 mm / 2.7 mm,
bunch repetition frequency 28.2 MHz and ERL mode. 

Cavity (single) TESLA 1.3 GHz BNL 0.7 GHz
Kl (V/pC) 7.8 1.2
Power (kW) 39.6 6.6
Energy spread 30x10-4 5x10-4
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Beam breakup

Courtesy:
Geoffrey Krafft
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Some solutions:
1. A lower operating frequency
2. Strong damping of HOMs
3. Large iris diameters and beam pipe
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Choice of frequency –
additional considerations

• The lowest frequency linac structure JLAB 
can handle in existing chemical cleaning is 
~700 MHz

• High power CW klystrons (for the 
photoinjector) exist only at 500, 700 and 1250 
MHz.

• Superconductor BCS surface resistance goes 
down with frequency squared, 

• Inexpensive and compact RF exists at 700 
MHz or lower (UHF TV transmitters using IOT 
devices)
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BCS and residual resistance
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Cryomodule Design
2K main line

Inner magnetic shield

Cavity assembly

4” RF shielded
gate valve

2K fill line

He vessel

Vacuum vessel

Fundamental Power
Coupler assembly

HOM ferrite
assembly

Outer magnetic shield

Thermal shield

Tuner location Space frame
support structure

Vacuum vessel
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Ferrite HOM dampers –
use Cornell development
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Simulations for eRHIC sized machine yet to be done, 
but starting with a well damped cavity is a good beginning. 



June 13-14, 2005 Ilan Ben-Zvi, C-AD Machine Advisory Committee

This cavity is stiff!
(important for Lorentz detuning 
and acoustic vibrations)

Compact tuner, slow  fast tuning, 
475 kHz range.
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Superconducting RF gun under development. 
Possibly could support polarized electrons production.
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ERL
Under construction
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1 MW CW beam dump

20 MeV cavity cryomodule
2 MeV SC RF electron gun

Photocathode
preparation and
insertion chamber

BNL ERL Facility at building 912
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